The serotonin hypothesis of myoclonus from the perspective of neuronal rhythmicity.
A quantitative analysis of two rat syndromes of myoclonus are presented, modeling myoclonic epilepsy and postanoxic myoclonus. Like the human conditions, both of the models benefit therapeutically from drugs that act on the serotonin system. The rat model of myoclonic epilepsy is associated with a profound loss of serotonin throughout the brain (except in the striatum) and is generated by an oscillator that is synchronized around the midline. The rat model of posthypoxic myoclonus does not demonstrate a significant reduction in serotonin in any location of its brain and is generated by a non-oscillating circuit in the medulla. Although some forms of myoclonic epilepsy may benefit from serotonin drugs because they are caused by a decrease in brain serotonin, our data indicate that posthypoxic myoclonus is not caused by a decrease in the serotonergic innervation of any region of the brain. That the raphe nuclei do not degenerate after global brain ischemia was noted by C. David Marsden in a discussion of the histologic findings of three of his human cases of posthypoxic myoclonus (page 117 of reference 10) and led him to question the hypothesis that posthypoxic myoclonus was due to a loss of serotonin neurons. Our data confirm his observation in the rat, but also indicate that density of serotonin fibers and terminals throughout the brain is not reduced by the brain ischemia that produces posthypoxic myoclonus. It remains to be determined whether the physiologic responsiveness of serotonin neurons is altered by global brain ischemia and whether changes in serotonin release or serotonin receptor properties are associated with posthypoxic myoclonus. The stability of the serotonin system in posthypoxic myoclonic rats is remarkable when one considers the wide range of disorders that is produced by the prolonged brain ischemia. The inability of the most severely posthypoxic myoclonic rats to perform 7-Hz tongue protrusions indicates substantial physiologic disruption of brainstem motor function. Moreover, the posthypoxic myoclonic rat suffers from ataxia, seizures, retrograde amnesia, and impaired ability to learn. The wide spectrum of these deficits is sharply constrasted by its apparently intact serotonin system. We have identified the inferior olive as a locus that may generate the rhythmic components of tremor and myoclonus in syndromes that are truly associated with a dramatic loss of brainstem serotonin. Serotonin acts within the inferior olive to constrain its rhythmic firing. Without intraolivary serotonin, olivary neurons are predisposed to oscillate continuously, providing a substrate upon which sustained rhythmic spiking may be superimposed. It is clear that such unconstrained rhythmicity produces synchronized whole-body tremor at 10 Hz (33, 41-43). The effects of serotonin to suppress olivocerebellar rhythmicity are mediated by postsynaptic 5-HT2 receptors that reduce the magnitude of the low-threshold calcium conductance, IT. It is notable that dysregulation of this conductance has been associated with hyper-rhythmic states in the thalamus underlying cognitive disorders ranging from depression to tinnitus (49), indicating a common mechanism underlying a variety of neurologic conditions. The identification of a specific brainstem locus (inferior olive), serotonin receptor 5-HT2, and ionic current IT involved in a form of rhythmic myoclonus may provide multiple clues toward which future pharmacotherapies can be directed.